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(54) (Meth) acrylic ester binders from glycolyzed aromatic polyesters 



(57) Described are methacrylate or acrylate binders 
e.g. obtainable by the steps of (i) generating OH-precur- 
sors from at least one aromatic polyester, and (ii) react- 
ing said OH-precursors of step (i) with methacrylic acid 
and/or acrylic acid to form a respective ester, whereby 
step (i) comprises reacting an aromatic polyester, or a 
mixture of aromatic polyesters with at least one polyol 
and/or at least one aminopolyolto generate hydroxy ter- 



minated oligomers. 

Optionally, a modified product can be obtained by 
performing a further reaction in step (i), namely by re- 
acting said hydroxy terminated oligomer with at least 
one polycarboxylic acid and/or at least one polycarbox- 
ylic anhydride to generate said hydroxy terminated bind- 
er precursor oligomer. 
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Description 

Technical Field 



tinn L .k f ' nven,lon relates t0 ^-cos 1 (meth)acrylic ester binders and such binder comprising composi- 
tions the synthesis of such binders starting from polyesters such as polyethylene terephthalate PET^ and thTir ao 
pl.cat.on m react.ve acrylic systems, particularly in adhesives, coatings and floorings P 



Background of the invention 



seveSl Jai A^ordTno TZ'S. ^IfL ' m fMm and fiber aPP^ions has increased drastically in the past 
several years. Accord.ng to the Sherw.n-WHI.ams patent US 5 252 615, PET accounted for about 20 % by volume of 
the world s sol.d waste ,n 1 993. A large amount of scrap and waste materials is still resulting from the product orTand 
consumption of PET every year and therefore, processes which can make use of recyS PET Zre^nonicT 

Induct 9 . In 9 int ° aCC ° Unt that environme " tal — «- eco.ogica, ba.ance have a Sj priortty for" chT2 
industry today, the conversion of PET waste and scraps into usable raw materials is a conttnuous catenae Besides 

[0003] Several methods have been developed for converting PET into aromatic polyester polyols which are valuable 
roZ W ' C A°HH maleria ' S f ° r thG Pr ° dUCli0n ° f adhesive ' coalin 9 and floo " n 9 compositions ' 
SLinnf P S T kTT 93 fl00rin9S haVe l ° fulfi " Several "-equlrements in order to be considered for industrial 

n£22v ?^Jh T 6 and adh6SiVe Pr ° PertieS ' b6SideS hi 9 h weather a "° chemi -' resistance HowevTr 

not only the technical requirements but also the economical aspects determine the choice of adhesives coatinoTInd 

herSt T * T P,iCati0nS - ThG Prfce ° f a -mposftion depends mainly on the costs of SJeaTve components 
therefore, ,t .s important to reduce the costs of said reactive components as much as possib.e Processes which make 

aTdi n ~or~ 

[0005] For industrial applications of such compositions, high speed in curing, especially at room temperature is 

C™ 9 e 6 nT P U,ar ' y " T 1 *"* 1 * 8 ° PSrati0nS Wh6re * iS 6Xpensive 10 wait until the sylZs ar" fu y curei 
Consequently, composing w.th a high curing speed and enough long open time to a..ow application are desired One 
class of systems wh,ch can be adapted more readily to fit these requirements is the class of polymenzabTe acryiate 
ZU V h mS - 7 C Compositions that cure ^ding * * free radical polymerization monism reach ftS 
SSlST." V" r °° m tempera,Ure - This fast s, ™9» build-up confers acrylic compositions ^ alantages , n 

*s sZgth ,0 C ° mp0S,t,0nS based °" <*™*s «d urethanes which need severa. hours to reach the same^de ol 

[0006] Methyl methacrylate (MMA) is the most widely used monomer in radically curing acrylic systems Despite the 
ow cost and excellent properties of this monomer, its strong and disagreeable smell resfriJt .Igre^SuTe 
l^t! Ve . C , IK 9 , 3 "" 1 fl0Orin9 COm P° sitions - A " other commercially avai.able low-odor actflcSS^™ 
needed r6aS ° n n ° Ve ' ^ monomer, which can be used Ir a^cTysTems are 

[Q007] Next to the fast curing, acrylic systems are also known for other advantages like high strength and hiah chem 
cal resistance to acids and alka.ines. A disadvantage of the standard acrylic svsTems is the re aS high shr nS 

°T 9 ' eaVeS SUbStantia ' r6SidUal StreSS which can lead to lamination of a joint The shTnkaqe 
mass «n?,h ™ ar f mass of the used ™nomers. For high molar mass oligomers, the re.atio be^een the 2 
mass and the amount of react.ve groups is higher therefore, the shrinkage will be lower US 3 1 94 783 descTibes 
formu.at.ons wth high mechanical properties and .ow shrinkage based on epoxy-acry.ates These ol gomers are w delv 
used .n compos.lons for adhesives or f.oors. Bu, the diacry.ate of bispheno.-A digTycidyl JheHs a veThtah vSus 
compound, which has to be diluted. The acrylates derived from ethoxyiated bispheno J dig.yc idytefteT have I lower 

22, jn^3 iTi P °8 Ai n T h COntaini ? 9 C ^'° aliphatiC compounds, with high strength and low shrinkage are de- 
I^ D h E 3 ^ 138A1 • These oycloahphatic compounds are unsaturated esters of glycol monodicyclopentenvl 

55 n^uL^7 iateS ' P ° lyUrethane P^POIymers whfeh are capped with ethy.enicaHy unsaturated end groups are 
lTmnri« T tK ^ !? SySt6mS and haVS 9 ' OW Shrinka 9 e The moderate-to-long chain prepolymers empTo'ved 
compr.se polyether-urethane or polyester-urethane derivatives formed by reacting a polyether or a popster Svoi 
w,th a d..socyana,e. Polyether based PU-acry,ates have low mechanical properties and tempera ure Pot 
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yester based PU-acrylates have a high viscosity or are crystalline at room temperature, and show poor compatibility 
to acrylic monomers. 

[0010] It is also already known that acrylic ester monomers can be synthesized by direct esterification of (meth) 
acrylic acid with alcohols in the presence of an acid catalyst, a polymerization inhibitor, and an inert solvent to azeotrope 
5 the water formed during reaction. Several syntheses which use polyols as the alcohol component have also been 
reported. In general all described processes for the synthesis of acrylic ester monomers from (meth)acrylic acid have 
the following limitations: 1. use of high cost raw materials and 2. production processes requiring expensive and time 
consuming reaction work up and product purification. 

[0011] US 3 645 984 reports the preparation of acrylic ester monomers by reacting a diol with (meth)acrylic acid or 
10 their anhydrides or acid chlorides. In EP 0 519 410 A2 aromatic polyether alcohols., prepared from aromatic alcohols 
and ethylene oxide or propylene oxide, are reacted with (meth)acrylic acid to yield novel acrylic ester monomers. In 
both patent documents, after the esterification has finished, the unreacted (meth)acrylic acid and catalyst are neutral- 
ized and the mixtures are washed several times with aqueous solutions. Then, the inert solvent is removed and the 
acrylic ester monomers are purified by extraction or distillation to separate them from side products and polymerization 
inhibitor. Besides being time consuming, the washing steps and (meth)acrylate purification cause considerable product 
loss decreasing the yield of the process. 

[0012] EP 0 126 341 A2 and EP 0 921 168 A1 report processes for the synthesis of (meth)acrylic ester monomers 
by direct esterification of (meth)acrylic acid with polyester and/or polyether alcohols and polyols, and subsequent re- 
action with epoxies. According to these documents, the washing steps and purification of end products are avoided 
by reacting with epoxies the (meth)acrylic acid remaining in the mixture after esterification. For this purpose, after the 
esterification has finished, the inert solvent is removed and the esterification catalyst is neutralized. Then, an epoxy 
amount corresponding to the equivalent acid content of the mixture is added and the reaction is carried out at about 
1 00°C in the presence of a suitable catalyst. Though the end products can be obtained in high yields and can be further 
used without purification, the reaction with epoxies implies an additional process step. The high temperatures needed 
for the reaction could also lead to polymerization of the synthesized (meth)acrylates. For the reaction with epoxies, 
the reaction mixtures must contain a certain amount of (meth)acrylic acid : and, therefore, the direct esterification has 
to be achieved in the presence of (meth)acrylic acid excess, or additional acid has to be added after esterification. 
[0013] It is furthermore already known that PET can be used as starting material for the production of polyester 
polyols useful in reactive polyurethanes compositions. E.g. US 4 048 104 relates to polyisocyanate prepolymers, pre- 
30 pared from PET digestion products, which are usable in polyurethane elastomers, adhesives and foams. PU-foams 
with increased physical strength properties are prepared in US 4 223 068 and US 4 417 001 by replacing a certain x 
amount of the reactive polyol component with a digestion product of PET. Polyester polyol compositions obtained from 
PET show partial crystallization which lead to low storage stability of the mixtures. EP 0798 325 A1 reports polyhydroxy 
compounds from PET with increased chemical compatibility, which are suitable for polyurethane syntheses. 
35 [0014] Non reactive hot melts and/or pressure-sensitive adhesives have also been prepared using PET based pol- 
yester polyols. US 5 008 366 and US 3 993 629 disclose polyester based compositions using polyesters obtained from 
PET. An adhesive or coating composition which comprises a reaction product of PET polyester with a difunctional 
organic acid is reported in WO 95/21213. 

[0015] EP 0 558 905 A1 describes the preparation of non reactive, physically drying aqueous coating compositions 
from (optionally waste) PET. The polyethylene terephthalate is first reacted with an alcohol and then with carboxylic 
acids or their anhydrides to form low-molecular-weight polyesters which can be further subjected to direct acrylic mod- 
ification. Direct acrylic modification is typically conducted under conditions described in US 4 735 995 and US 4 873 
281. The low-molecular-weight polyesters which may contain reactive double bonds are reacted in the presence of 
organic solvents and ethylenically unsaturated vinyl monomers after a free radical polymerization. Direct acrylic mod- 
ification means in this case copolymerization with acrylic monomers and not functionalization of the polyester to obtain 
polymerizable acrylic ester monomers for radically curing acrylic systems. 

[0016] The object of the present invention is to provide low-cost and low-odor (meth)acrylic ester binders which can 
be used as reactive components for reactive acrylic systems, particularly for adhesives, coatings, floorings, mortars, 
and casting compounds with enhanced mechanical properties. Besides fulfilling the technical requirements of acrylic 
systems for industrial applications, the novel (meth)acrylate binders are, from the economical and ecological point of 
view, superior to already commercially available (meth)acrylic ester monomers. 

Brief summary of the invention 



40 



50 
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[0017] The present invention provides low-cost and low-odor (meth)acrylic ester binders that are mixtures of oligom- 
ers, said oligomers comprising those of the following formula 
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MR 1 ] n -X-R 2 -O-[C0-R 3 -CO.R 4 ] m -A (l) 

and/or 



A-0-R 2 -X-[R 1 ] n -[CO-R 3 -CO-R 4 ] m -A 



(III) 



10 



wherein A represents 



15 



20 



25 
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I 

H 2 C= C-C- 

II 

O 

CO is carbonyl group 

R, is a repetition unit of an aromatic polyester, in particular a repetition unit of PET and/or PEN 

R 2 is a divalent radical selected from the group consisting of optionally substituted linear and branched C c 

tbt^!h! heterocyclic radicate, preferably such radicals derived from the alcohols or aminoalcohols men- 
group and "CrS SUbStitUe " tS 9r ° Up C ° nS ^ 01 h ^°*V ^ 

SSiJSr radiC f Se '? ted fr ° m 9r ° UP COnsistin 9 ofo P tional| y° H «>^OOH S ubstitutedlinearandbranched 

aliphatic and aromatic and araliphatic radicals, in particular radicals with 3 to 1 4 C-atoms 

R 4 = -O R 2 -X-[R 1 ] n - or [R 1 ] n -X-R 2 -0- or -X-R 2 -0- 

R 5 is hydrogen or methyl group 

X is -O- or -NH-, and 

n is 1 to 4, and 

m is 0 to 3. 

5? k ^ziz;\~^™~ b6Si * s °" 90 " ,m " ,ormu,a (l) ana,or ,n) ' - ,eas ' ° ne 



A-0-R 2 -X-A 

40 

MR^n-O-Re 



A-OH 



50 



wherein A ? R 1 and R 2 are as defined above 

Re is a linear or branched aliphatic or aromatic or araliphatic radical in particular a radical with 5 to 22 C-atoms 
A specific example of a non modified binder molecule is shown below 



55 
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R l *2 

= repetition unit of PET = ethox. neopentyl gly- 
col derived radical 



20 [0019] Preferred binders are those that are obtainable from giycolyzed aromatic polyester such as polyethylene 
terephthalate (PET). These binders are suitable as reactive components for reactive acrylic systems, more specifically 
for adhesive, coating and flooring compositions with: 

excellent mechanical properties, such as high tensile strength, high compressive strength and high scratch resist- 
25 a nee, 

good weather and chemical resistance. 

[0020] The (meth)acrylic ester binders of the present invention can be prepared by reacting polyesters containing 
free OH-groups with acrylic and/or methacrylic acid. The OH-terminated polyesters preferably are products of the 
30 reaction of high-molecular-weight aromatic polyesters such as PET with aromatic or aliphatic polyols and/or aminoal- 
cohols. 

[0021] The binders of the present invention - as they result from the reaction - are mixtures of molecules comprising 
PET fragments of generally 1 to 4 PET units, preferably 1 to 3 PET units. 

[0022] The binders of the present invention can be present as such, or in compositions with other (meth)acrylates 
35 or ethylenically unsaturated vinyl monomers, or in formulations comprising at least one of the following further sub- 
stances, namely catalysts, stabilizers, initiators, organic fillers, inorganic fillers, additives, toughening agents, adhesion 
promotors, defoaming agents, thickeners, thixotropic agents, plasticizers, wetting agents, wax compounds^ross-link- 
ing agents, inhibitors etc. Such additional substances are known to the skilled person and comprise e.g. as catalyst: 
N,N-dimethyl-p-toluidine, N-ethoxylated p-toluidine, N-alkylmorpholine; as inhibitor: hydrochinone,methylhydrochinon, 
40 t-butyl-p-cresol; as initiator: benzoylperoxide. 

Advantages of the invention 

[0023] The (meth)acrylate binders and binder compositions of the present invention have a low odor and can be 
« radically cured to provide systems with exceptional mechanical properties. Tensile strength > 60 MPa can be reached, 
as well as high compressive strength, high scratch resistance, and excellent weather and chemical resistance. The 
(meth)acrylate binders of the present invention posses low viscosity and good storage stability. The inventive binders 
can be synthesized by a process which overcomes the limitations of the known processes for the synthesis of acrylic 
ester monomers from (meth)acrylic acid. In such process of the present invention, inexpensive raw materials such as 
50 recycled PET can be used and the production process is simple without expensive and time consuming reaction work 
up. The products are obtained in high yields and do not need further purification before use, which allows to obtain 
low-cost (meth)acrylic esters. Another advantage of the invention is that the mechanical properties of the cured systems 
can be varied by chemical modification of the binder or binder composition, respectively. Therefore, the use of external 
plasticizers which can diffuse out of the (meth)acrylate matrix, or of fillers which decrease the mechanical properties 
55 of the cured systems can be reduced and preferably avoided. 
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Detailed description of the invention 

[0024] The (meth)acrylic ester oligomers of the present invention are preparable from high-molecular-weight aro- 
matic polyesters such as polyethylene naphthalate (PEN), polyethylene terephthalate (PET) or mixtures thereof PET 
sources are either virgin or recycled PET, or waste PET from many sources such as beverage bottler sheets film and 
synthetic fibers. 

[0025] The (meth)acrylic ester oligomers of the invention contain PET amounts within the range of about 1 0 to 80 
vvt Vo. a more preferred range is from about 20 to 50 wt.%; especially preferred 30 to 40 wt.%. Preferably PET should 
be flaked and washed before use, but the direct use of waste beverage bottles is possible 

[0026] The also inventive synthesis of the (meth)acrylic ester oligomers is based on a two step process, but the steps 
can be achieved consecutively in a one pot reaction. The steps of the process consist in: 

(i) generation of hydroxy terminated binder precursor oligomers (OH-precursors) said generation involving a Gly- 
colysis or similar reaction of aromatic polyester(s) such as PET and 

(ii) direct esterification of (meth)acrylic acid with said OH-precursors. 

[0027] In the scope of the present invention, the product of step (i) that is further reacted in step (ii) is termed "hydroxy 
terminated binder precursor oligomers" or - shorter - "OH-precursors" since it usually is a mixture of OH-terminated 
oligomers. Said term comprises - dependent on whether or nol a modification (chain extension) is performed - the 
glyco ysis product (hydroxy terminated oligomer) or the reaction product of said "glycolysis" product with dicarboxylic 
amfnoateoSs 3 " ^ ^ " 9 ' yCO ' ysis " for sim P |ifi «t'on is considered as also comprising the reaction with 

[0028] The synthesis is now further described for the preferred polyester PET, however, it is also applicable to other 
aromatic polyesters. 

(i) Generation of OH- terminated binder precursor oligomers (glycolysis of PET) 

of Sni" aCCOrdanC t W ,' ,h the present 'nvwrtion, PET is first reacted with a polyol or polyol mixture in molar ratios 
of 0.2 (OH groups in polyol):1 (repetition unit in PET) to 2 (OH groups in polyol): 1 (repetition unit in PET) in the presence 
of an esterrf.cat.on catalyst to yield low-molecular-weight polyesters containing free OH-groups. Particularly favorable 
are mixture in molar ratios of 0.8 (OH-groups in polyol) : 1 (repetition unit in PET) to 1.5 (OH groups in polyol) • 1 
(repetition unit in PET), and even more favorable 1 .1 (OH groups in polyol) : 1 (repetition unit in PET) to 1 .3 (OH groups 

LnKoU (r * pet,t,0n , unit in PET > The action requires normally 0.5 to 4 hours at temperatures between 21 0-C 
and 250 C, and it is preferably carried out under a N 2 atmosphere. 

[0030] The polyols used for the glycolysis can be aliphatic, cycloaliphatic, aromatic and/or heterocyclic polyols and 
are preferably selected from diols or triols. Examples of suitable polyols are diethylene glycol, Methylene glycol tetra- 
ethylene gycol tnpropylene glycol, 1 ,4-butanediol, 1 ,6-hexanediol, glycerin, dipropylene glycol, neopentyl glycol 
Sni To Y th t? e c ntane d 0l ' 1 • 2 - propane 9'y co1 ' 1 .3-propane glycol, 1 ,3-butane glycol, 2,3-butane glycol 1 ,5-pen - 
I Tl ? 2 ;™f7 | - 1 ' 5 -P entanedi °'. 2-methyl-2-ethyl-1,3-propanediol, bisphenol-A-ethoxylate, dodecahydro-bisphe- 
nol-A, d.methylol propionic acid, OH-terminated polybutadiene, trimethylolethane, 1 ,4-cyclohexanedimethanol 1 2-cy- 
?TZn^ e l J; 3 -^ clo u h f anetf methanol, 1 ,4-bis ( 2-h y droxyethoxy)cyclohexane, . norbornylene ' glycol, 
M-benzened.ethanol, 2,4-d,methyl-2-ethylenehexane-1 ,3-diol, 2-buten-1 ,4-diol, ethoxylated trimethylolpropane tri- 
^nr'°i eXan , e ' ^Wofciopane-monoallyether, 1 ,2,4-butanetriol, dipentaerythritol, pentaerythrite, dicyclopentadi- 
ened.methanol, ethoxylated neopentyl glycol, dimethylhydantoin glycol, ethoxylated dimethylhydantoin glycol ethox- 
t ri r rt 3nUra !! ! .f" in PartiCU ' ar di -( 2 - h y drox y^hyl)-5,5-dimethylhydantoin, 1 ,3-dimethylo.-5.5-dimethylhydanto- 
m ; tr t -(2-hydroxyethyl)-isocyanurate, and hydroxyalkyl isocyanurates. The PET-glycolysis can a.so be achieved with a 
mixture of polyols or polyols and aminoalcohols such as diethanolamine, triethanolamine and triisopropanolamine 
Instead o polyols, aminoalcohols or mixtures of aminoalcohols can also be used. It is preferred that linear glycols such 

9 V 6tC - USSd in combination with branched glycols to reduce the risk of crystallisation 
m a lt«,^ C r t ^ V W ! < % t0 , 2 Wt % ° f esterification cata 'V st ™ tindljcaprylate, cobalt acetate," mangan 

T hh h d"! V .? X ! : f ° rmiate ' S ° diUm hydr ° Xide ' barium and organic tin andtitan cata.ysts 

can be added. Preferably, t-butyl ortho titanate is used. " 

(ii) Direct esterification of (meth)acrylic acid 

!^tiJn , ThS °"- pr f curs ° rs obtainable by the glycols reaction (see above), and optionally the chain extension 
reaction (see bebw), are further reacted with (meth)acrylic acid (MAA) in molar ratios of 0.5 (acid group in MAA) 1 
(OH group ,n OH-precursor) to 2 (acid groups in MAA):1 (OH groups in OH-precursor) at temperatures from 90°C to 
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140°C to yield low-odor ( met h) acrylic ester binders. The reaction is generally carried out in the presence of 0.1 wt.% 
to 2 wt.% of an esterification catalyst such as p-toluene sulfonic acid, methane sulfonic acid, sulfuric acid, boron trif- 
luoride or any acid esterification catalyst. To prevent polymerization during reaction, a free-radical inhibitor such as 
hydroquinone, methyl hydroquinone, t-butyl p-cresol, phenothiazine and the like may be added in amounts ranging 
from 0.1 wt.% to 1 wt.% based on the weight of MAA. An inert solvent can be used to azeotrope the water resulting 
from the esterification reaction. Examples of solvents which are particularly useful are hexane, pentane, cyclopentane, 
cyclohexane, benzene, toluene, xylene or mixtures thereof. The preferred solvent is toluene. The reaction mixture may 
contain from about 5 wt.% to 30 wt.% of the selected solvent. The reaction is run for 4 to 5 hours or until no more water 
is formed. 

M difications 



[0033] The properties of the cured acrylic systems can be varied by modification of the (meth)acrylic ester binders. 
Following the glycolysis step, the OH-terminated low-molecular-weight polyesters can be reacted with at least one 
difunctional or multifuntional organic acid (and/or anhydride). The resultant polyester prepolymers yield, after direct 
esterification, methacrylic ester binders which provide cured systems with special properties. Suitable organic acids 
(or anhydrides) are aliphatic and aromatic difunctional or multifuntional acids such as adipic acid, azelaic acid, phthalic 
acid or anhydride, isophthalic acid, dodecandicarboxylic acid, maleic acid or anhydride, trimellitic acid or anhydride 
and the like. 

20 [0034] The same procedure as outlined above can also be used with other starting materials such as PEN instead 
of PET. acrylic acid instead of methacrylic acid and aminoalcohols instead of polyols or part of polyols. Furthermore, 
in order to achieve specific features it is of course also possible to use mixtures of starting materials such as mixtures 
of aromatic polyesters, mixtures of acrylic acid and methacrylic acid, mixtures of polyols or polyols and aminoalcohols, 
etc. 

25 [0035] Curable acrylic systems for special applications can also be obtained by replacing a certain amount of the 
polyols by a monofunctional alcohol in the glycolysis step. The amount of monofunctional alcohol(s), or a mixture of 
monofunctional alcohol depends on the desired end use of the acrylic system. Preferably, the monofunctional alcohol 
(s) replaces 1 to about 90 mol% of the diol or polyol or aminoalcohol. Suitable alcohols include the C 5 «C 22 linear and 
branched saturated and unsaturated alcohols including, for example, 4-methyl-1-pentanol, hexanol, linoieoyl alcohol, 

30 benzyl alcohol, trimethylolpropane diallylether, ally! alcohol and nonanol. Other useful alcohols include the OH-func- 
tional polyethers, polyesters, polyurethanes, polycaprolactones, etc. 

Examples 

35 Example 1 (without chemical modification) 

[0036] 475 g PET flakes from recycled beverage bottles, 520 g ethoxylated neopentyl glycol and 5 g t-butyl ortho 
titanate are charged into a reactor equipped with mechanical stirrer, temperature controller and condenser. The reaction 
mixture is heated for 2 hours at 240°C under N 2 atmosphere. Then, the solution is allowed to cool until the reaction 
mixture has reached 1 30°C and then 365 g toluene, 460 g methacrylic acid containing 0.2 g phenothiazine, and 1 5 g 
p-toluene sulfonic acid are added. The reactor is further equipped with a water separator and the reaction is carried 
out at the boiling temperature of the mixture (about 130 °C). The water produced is distilled off with the solvent and 
collected in the separator. The reaction is finished after about 4 hours, or when no more water is formed. Finally, the 
toluene is removed under reduced pressure. The mixture obtained has low viscosity and is cured at room temperature 
with 2 wt.% benzoylperoxide as initiator and 0.5 wt.% dimethylaniline as catalyst to provide systems with tensile strength 
(TS) > 35 MPa, elongation at break of 9%, good scratch resistance and compressive strength and excellent weather 
and chemical resistance. 



Example 2 (without chemical modification) 



[0037] 475 g PET flakes from recycled beverage bottles, 520 g ethoxylated neopentyl glycol and 5 g t-butyl ortho 
titanate arc charged into a reactor equipped with mechanical stirrer, temperature controller and condenser. The reaction 
mixture is heated for 2 hours at 240°C under N 2 atmosphere. Then, the solution is allowed to cool until the reaction 
mixture has reached 130°C and then 459 g toluene, 836 g methacrylic acid containing 0.4 g phenothiazine, and 1 8 g 
55 p-toluene sulfonic acid are added. The reactor is further equipped with a water separator and the reaction is carried 
out at the boiling temperature of the mixture (about 130 °C). The water produced is distilled off with the solvent and 
collected in the separator. The reaction is finished after about 4 hours or when no more water is formed. Finally, the 
toluene is removed under reduced pressure. The mixture obtained has low viscosity and is cured at room temperature 
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with 2 wt.% benzoylperoxide as initiator and 0.5 wt.% dimethylaniline as catalyst to provide systems with tensile strength 
(TS) > 65 MPa, elongation at break of 4%, good scratch resistance and compressive strength, and excellent weather 
and chemical resistance. 

Example 3 (without chemical modification) 

[0038] 465 g PET flakes from recycled beverage bottles, a mixture of 300 g ethoxylated neopentyl glycol and 230 g 
nonanol N, and 5 g t-butyl ortho titanate are charged into a reactor equipped with mechanical stirrer, temperature 
controller and condenser. The reaction mixture is heated for 2 hours at 240°C under N 2 atmosphere. Then the solution 
is allowed to cool u ntil the reaction mixture has reached 1 30°C and then 454 g toluene. 81 5 g methacrylic acid containing 
0.4 g phenothiazine, and 1 8 g p-toluene sulfonic acid are added. The reactor is further equipped with a water separator 
and the reaction is carried out at the boiling temperature of the mixture (about 130 °C). The water produced is distilled 
off with the solvent and collected in the separator. The reaction is finished after about 4 hours or when no more water 
is formed. Finally the toluene is removed under reduced pressure. The mixture obtained has low viscosity and is cured 
at room temperature with 2 wt.% benzoylperoxide as initiator and 0.5 wt.% dimethylaniline as catalyst to provide sys- 
tems with tensile strength (TS) > 30 MPa, elongation at break of 4%, good scratch resistance and compressive strenath 
and excellent weather and chemical resistance. ' ' 

Example 4 (with chemical modification by reaction with phlhalic acid anhydride) 

[0039] 395 g PET flakes from recycled beverage bottles, 440 g diethylene glycol and 5 g t-butyl ortho titanate are 
charged into a reactor equipped with mechanical stirrer, temperature controller and an overhead condenser with re- 
ce.ver. The reaction mixture is heated for 2 hours at 240°C under N 2 atmosphere. Then, the reactor is allowed to cool 
to 200°C and 160 g phthalic acid anhydride are added. The mixture is kept at this temperature for about 2 hours and 
the water formed is collected in the receiver. Once no more water is formed, the solution is allowed to cool until the 
react.cn mixture has reached 130°C, and then 378 g toluene, 513 g acrylic acid containing 0.3 g phenothiazine and 
15 g p-toluene sulfonic acid are added. The reactor is further equipped with a water separator and the reaction is 
carried out at the boiling temperature of the mixture (about 130 °C). The water produced is distilled off with the solvent 
and collected in the separator. The reaction is finished after about 4 hours or when no more water is formed Finally 
the toluene is removed under reduced pressure. The mixture obtained has low viscosity and is cured at room temper- 
ature with 2 wt.% benzoylperoxide as initiator and 0.5 wt.% dimethylaniline as catalyst to provide systems with tensile 
strength (TS) > 35 MPa, elongation at break of 6%, good scratch resistance and compressive strength and excellent 
weather and chemical resistance. 

Example 5 (with chemical modification by reaction with phthalic acid anhydride) 

[0040] 395 g PET flakes from recycled beverage bottles, 364 g diethylene glycol and 3 g t-butyl ortho titanate are 
charged into a reactor equipped with mechanical stirrer, temperature controller and an overhead condenser with re- 
ceiver. The reaction mixture is heated for 2 hours at 240°C under N 2 atmosphere. Then, the reactor is allowed to cool 
to 200°C and 237 g phthalic acid anhydride are added. The mixture is kept at this temperature for about 2 hours and 
the water formed is collected in the receiver. Once no more water is formed, the solution is allowed to cool until the 
reaction mixture has reached 130°C, and then 303 g toluene, 213 g methacrylic acid containing 0.1 g phenothiazine 
and 12 g p-toluene sulfonic.acid are added. The reactor is further equipped with a water separator and the reaction is 
carried out at the boiling temperature of the mixture (about 130 °C). The water produced is distilled off with the solvent 
and collected in the separator. The reaction is finished after about 4 hours or when no more water is formed Finally 
the toluene «s removed under reduced pressure. The mixture obtained has low viscosity and is cured at room temper- 
ature with 2 wt.% benzoylperoxide as initiator and 0.5 wt.% dimethylaniline as catalyst to provide systems with tensile 
strength (TS) > 12 MPa, elongation at break of 30%, good scratch resistance and compressive strength, and excellent 
weather and chemical resistance. 

Example 6 (with chemical modification by reaction with TMAS waste stream) 

[0041] 379 g PET flakes from recycled beverage bottles, 440 g diethylene glycol and 2 g t-butyl ortho titanate are 
charged into a reactor equipped with mechanical stirrer, temperature controller and an overhead condenser with re- 
ceiver. The reaction mixture is heated for 2 hours at 240°C under N 2 atmosphere. Then, the reactor is allowed to cool 
to 200°C and 180 g TMAS (WS) are added. The mixture is kept at this temperature for about 2 hours and the water 
formed is collected in the receiver. Once no more water is formed, the solution is allowed to cool until the reaction 
mixture has reached 130°C. and then 392 g toluene, 566 g methacrylic acid containing 0.3 g phenothiazine and 16 g 
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p-toluene sulfonic acid are added. The reactor is further equipped with a water separator and the reaction is carried 
out at the boiling temperature of the mixture (about 130 °C). The water produced is distilled off with the solvent and 
collected in the separator. The reaction is finished after about 4 hours or when no more water is formed. Finally., the 
toluene is removed under reduced pressure. The mixture obtained has low viscosity and is cured at room temperature 
5 with 2 wt.% benzoylperoxide as initiator and 0.5 wt.% dimethylaniline as catalyst to provide systems with tensile strength 
(TS) > 37 MPa, elongation at break of 8% : good scratch resistance and compressive strength and excellent weather 
and chemical resistance. 

10 Claims 

1 . Methacrylate or acrylate binder comprising oligomers of the following formula (I) and/or (II) 
15 A- [R 1 ] n -X-R 2 -0-[CO-R 3 -CO-R 4 ] m .A (I) 

A-0-R 2 -X.[R 1 ] n -[CO.R 3 .CO-R 4 ] ni .A (II) 

20 wherein A represents 



25 



30 



I 

H 2 C= C-C- 



35 



40 



CO is carbonyl group 

R 1 is a repetition unit of an aromatic polyester, in particular a repetition unit of PET and/or PEN, 
R 2 is a divalent radical selected from the group consisting of optionally substituted linear and branched C 3 -C 20 
alkylen, cycloalkylen and aralkylen radicals, optionally substituted dialkylenether, trialkylenether or 
tetraalkylenether radicals and optionally substituted heterocyclic radicals, whereby said substituents are pref- 
erably selected from the group consisting of hydroxy group, ester group and alkyl group, 
R 3 is a divalent radical selected from the group consisting of optionally OH or COOH substituted linear and 
branched aliphatic and aromatic and araliphatic radicals, in particular radicals with 3 to 14 C-atoms 
R 4 = -O-Ra-X-fR^- or -[R^-X-R^O- or -X-R^O- 
R 5 is hydrogen or methyl group 
X is -O- or -NH-, and 
n is 1 to 4, and 
m is 0 to 3. 

45 2. The binder of claim 1 that further comprises at least one compound selected from the group consisting of 

A-0-R 2 -X-A 

50 

A-rR^-O-Re 
A-OH 

55 

wherein A, and R 2 are as defined above 

R 6 is a linear or branched aliphatic or aromatic or araliphatic radical, in particular a radical with 5 to 22 C- 
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atoms. 

The binder of claim 1 or 2 that comprises the oligomer represented by 



10 



15 




R2 



20 



wherein 



25 



is a repetition unit of PET 

is an ethoxylated neopentyl glycol derived radical 
is 1 to 4, and 
is 1 to 3. 



30 



4. The binder of anyone of the preceding claims that is obtainable by the steps of (i) generating hydroxy terminated 
binder precursor oligomers (OH -precursors) derived from at least one aromatic polyester, and (ii) reacting said 
OH-precursors of step (i) with methacrylic acid and/or acrylic acid to form a respective ester, whereby step (i) 
compnses reacting an aromatic polyester, or a mixture of aromatic polyesters with at least one polyol and/or at 
least one aminopolyol to generate hydroxy terminated oligomers. 

5. The binder of anyone of the preceding claims, which is a methacrylate binder. 
35 6. The binder of anyone of the preceding claims which is derived from PET. 

7. The binder of anyone of claims 4 to 6 which is preparable using as polyol at least one did, at least one triol or a 
mixture thereof, preferably a polyol selected from the group consisting of diethylene glycol, ethoxylated neopentyl 
glycol, di-(2-hydroxyethyl)-5.5-dimethylhydantoin, 1 ,3-dimethylol-5,5-dimethylhydantoin, tri-(2-hydroxyethyl)-iso- 
cyanurate, hydroxyalkyl isocyan urates, and mixtures thereof. 

The binder of anyone of claims 4 to 7 which is preparable using a mixture of at least one polyol and/or at least one 
ammoalcohol and at least one monofunctional alcohol, preferably a monofunctional alcohol selected from the group 
consisting of C 5 -C 22 linear saturated alcohols, C 5 -C 22 linear unsaturated alcohols. C 5 -C 22 branched saturated 
alcohols ; Cs-C^ branched unsaturated alcohols, and mixtures thereof, more preferably a monofunctional alcohol 
selected from the group consisting of 4-methyM-pentanol, hexanol, lynoleyl alcohol, benzyl alcohol, trimethylol- 
propane diallylether, allyl alcohol, npnanol, and mixtures thereof. 

The binder of claim 7 or 8 wherein the alcohol is selected from monohydroxy functional or dihydroxy functional 
polymers or oligomers selected from the group consisting of polyethers, polyesters, polyurethanes polycaprolac- 
tones or mixtures thereof. 



40 



45 



50 



55 



9. 



10. The binder of anyone of claims 4 to 9 wherein said OH-precursors of step (i) that are further reacted in step (ii) 
are identical with said hydroxy terminated oligomers. 

11. The binder of anyone of claims 4 to9, wherein said OH-precursors of step (i) that are further reacted in step (ii) 
are obtainable by further reacting said hydroxy terminated oligomers with at least one polycarboxylic acid and/or 
at least one polycarboxylic anhydride. 
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12. The binder of claim 11, wherein the polycarboxylic acid is a dicarboxylic acid or an anhydride of a dicarboxylic 
acid, preferably a dicarboxylic acid or anhydride selected from the group consisting of adipic acid, azelaic acid, 
phthalic acid or anhydride, isophthalic acid, dodecandicarboxylic acid., maleic acid or anhydride., trimellitic acid or 
anhydride and the like. 

13. Method for the production of a binder of anyone of claims 4 to 12 comprising the steps of (i) generating OH- 
precursors from at least one aromatic polyester, and (ii) reacting said OH-precursors of step (i) with methacrylic 
acid and/or acrylic acid to form a respective ester whereby step (i) comprises reacting an aromatic polyester, or 
a mixture of aromatic polyesters with at least one polyoi and/or at least one aminopolyol to generate hydroxy 
terminated oligomers. 

14. The method of claim 13, wherein step (i) furthermore comprises reacting said hydroxy terminated oligomers with 
at least one polycarboxylic acid and/or at least one polycarboxylic anhydride to get said OH-precursors. 

15. A composition of binders comprising binders of one of claims 1 to 12 and at least one other (meth)acrylate and/ 
or ethylenically unsaturated vinyl monomer. 

16. A formulation comprising a binder of anyone of claims 1 to 12 or a composition of claim 15 and at least one further 
substance selected from the group consisting of initiators, catalysts, stabilizer, binders different from a (meth) 
acrylate binder or ethylenically unsaturated vinyl monomer, fillers and additives. 

17. The formulation of claim 16 that is an adhesive formulation, a coating formulation, a mortar formulation, a casting 
compound formulation or a flooring formulation. 

18. Use of a binder of anyone of claims 1 to 14, or of a composition of claim 15 or of a formulation of claim 16 or 17 
as or in a adhesive, coating, flooring, mortar, or casting compound. 

19. Method for producing a joint, coating or flooring, characterized in that a binder of anyone of claims 1 to 12 or a 
composition of claim 15 or a formulation of claim 16 or 17 is applied on at least one substrate such that wetting 
and adhesion is achieved. 



1178092A1_I_> 



11 




EP 1 178 092 A1 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 11 6565 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



EP 0 514 147 A (CIBA GEIGY AG) 
19 November 1992 (1992-11-19) 

* page 3, column 3, line 52 - page 3 
column 4, line 56; claims 1,3 * 

EP 0 553 905 A (SHERWIN WILLIAMS CO) 
8 September 1993 (1993-09-08) 

* claims 1,9; example VI * 

EP 1 002 842 A (OSTERMANN * SCHEIWE GMBH & 
CO) 24 May 2000 (2000-05-24) 



1,2,5, 
15-19 



1-19 



CLASSIFICATION OF THE 
APPLICATION (tnt.Cl.7) 



C09D167/07 

C09J167/07 

C08L67/07 

C08G63/21 

C08J11/22 



The present search report has been drawn up tor ail claims 



THE HAGUE 



Drfs ©t completion of th» bowc^i 

4 January 2001 



TECHNICAL FIELDS 
SEARCHED (lrtXI.7) 



C08G 
C08J 
C09D 
C09J 
C08L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y ■ particularly relevant H comfcfrtnd wth another 

document 01 the same category 
A : technological tatfground 
O : non-written disclosure 
P : fciterroedlaie document 



Decocker, L 



T : theory or principle undertying the invention 
t : earlier palem document, but published on or 

after the filing date 
D : document cMprt in the app«eat*>n 
L : document cfted for other reasons 



patent family, corresponding 



12 

OCID: <EP 1 178092A1 J_> 



EP 1 178 092 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 11 6565 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Off tee EDP file on 

The European Patent Office is in no way liable tor these particulars which are merely given tor the purpose of information. 

04-01-2001 



Patent document 


Publication 




Patent family 




Publication 


cited in search report 


date 




member(s) 




dale 


EP 0514147 A 


19-11-1992 


CA 


2068835 


A 


19-11-1992 






DE 


69224319 


D 


12-03-1998 






DE 


69224319 


T 


27-08-1998 






ES 


2113411 


T 


01-05-1998 






JP 


5214302 


A 


24-08-1993 






US 


5674623 


A 


07-10-1997 


EP 0558905 A 


08-09-1993 


US 


5252615 


A 


12-10-1993 






CA 


2087912 


A 


24-07-1993 






JP 


5311114 


A 


22-11-1993 






NX 


9300382 


A . 


31-01-1994 


EP 1002842 A 


24-05-2000 


DE 


19853145 


A 


25-05-2000 






NO 


995634 


A 


19-05-2000 



p 

m For more details about this annex : see Offida' Journal of ihe European Patent Office. No. 12/82 



CID: <EP 117B092A1 J_> 



13 



